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I N T R O D U C T IO N
Shaw ( 1925c) s u m m a r i z i n g  the food hab i t s  and l i f e  h i s t o r y  of
C . co lumbia  nus a s s e r t e d  tha t  the  C o lu mb ia n  g round  s q u i r r e l  ea t s  
su c c u le n t  f o r m s  of vege ta t ion ,  such  a s  b l u e g r a s s  ( P o a ) and young 
w h ea t  ( T r i t i c u m ) . In l a t e  s u m m e r  o r  fa l l  t h e s e  f o r m s  of p lant  
l i fe  have a l l  b e c o m e  d r i ed .  B e c a u s e  in c e r t a i n  lo c a l i t i e s  the  C o l ­
u m b ia n  g round  s q u i r r e l  d r i n k s  no w a t e r  they  p r o b a b l y  cannot  m a i n ­
ta in  w a t e r  b a l a n c e  on t h e s e  d r i e d  p lan t s ,  and m u s t  t h e r e f o r e  beg in  
e s t iva t ing  in the  end of s u m m e r .  They  m a y  a l s o  r e m a i n  in d o r ­
m a n c y  dur ing  the w i n t e r  in t h ose  r e g io n s  w h e r e  a heavy b lan ke t  
of snow is found. T h e r e f o r e ,  t h e s e  s q u i r r e l s  have  s e a s o n s  of 
d o r m a n c y  which  m a y  be 220 days long f o r  f e m a l e s  and 204 days 
long f o r  m a l e s  ( S h a w  1925b).
Al l  g round s q u i r r e l s  of the genus  C i t e l lu s  avoid  the s t r e s s ­
ful  e x t e r n a l  condi t ions  of w a t e r  and food s h o r t a g e  and low t e m p e r ­
a t u r e s  by h ib ern a t in g ,  but  in doing so m a y  b e c o m e  faced  wi th  
s t r e s s f u l  i n t e r n a l  condi t ions .  F o r  e xam p le ,  how do they  handle  
the  n i t r og en ou s  m e ta b o l i c  w a s t e s  which  p r e s u m a b l y  a c c u m u l a t e  in 
t h e i r  blood dur ing  h ib e rn a t i o n ?  K a y s e r  (1964) found tha t  h a m s t e r s  
which  a r o u s e d  f r o m  w i n t e r  h i b e r n a t i o n  e x c r e t e d  n e a r l y  twice  the
-  1 -
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u r e a  p e r  day (. 35 g p e r  day) than  did w i n t e r  h a m s t e r s  con t inua l ly  
awake  (. 18 g p e r  day),  ind ica t ing  tha t  u r e a  is  s t o r e d  in the  body 
and su b seq ue n t ly  e x c r e t e d  upon a r o u s a l .  K r i s t o f f e r s o n  (1963) r e ­
p o r t e d  s ign i f ican t ly  h ighe r  u r e a  c o n c e n t r a t i o n s  in the blood,  m u s ­
cle,  and i n t e s t i n a l  t i s s u e s  of h ibe rna t in g  hedgehogs  ( E r i n a c e u s e u r - 
opa e u s ) than in tha t  of awakened  hedgehogs  (P  <. 02). Hong (1957) 
found tha t  b l a d d e r  u r i n e  c o l l ec ted  by c a t h e t e r s  f r o m  h ib ern a t ing  C. 
t r i d e c e m l i n e a t u s  w a s  d r a s t i c a l l y  r ed u c e d  and Pen g  ell  y and F i s h e r  
(1961) d e t e r m i n e d  by s a c r i f i c i n g  s q u i r r e l s  a f t e r  known i n t e r v a l s  of 
h ibe rna t ion ,  tha t  no u r i n e  e n t e r e d  the  b l a d d e r  of C . l a t e r a l i s  d u r ­
ing h ibe rna t ion .  They found tha t  the b l a d d e r  u r i n e  v o lu m e  w a s  
the s a m e  in a n i m a l s  which  had h i be rn a te d  9 o r  10 days ,  a s  in 
th o se  tha t  only h ib e r n a t e d  two days.
R e c e n t  t ech n iqu es  have  e luc ida ted  f u r t h e r  ev idence  of k id ­
ney non- func t ion  dur ing  h ibe rna t ion .  Z im n y  and R i g a m e r  (1966) 
wi th  the aid of e l e c t r o n  m i c r o s c o p y ,  found s t r u c t u r a l  m o d i f ic a t io n s  
in the k idney g l o m e r u l i  of h ibe rna t ing  C. t r i d e c e m l i n e a t u s  which  
would i m p e d e  n o r m a l  f i l t r a t i o n .  Dyring h ib e rn a t io n  the endo the l ia l  
p o r e s  d e c r e a s e  in s i z e  and n u m b er ,  the b a s e m e n t  m e m b r a n e  of 
the  g l o m e r u l u s  th ickens  and b e c o m e s  i r r e g u l a r  in con tour ,  and the 
podocyte  foot  p r o c e s s e s  (por t ions  of the g l o m e r u l a r  m e m b r a n e )  
swel l .  A c co r d in g  to Popovic  (1964) c a r d i a c  output  w a s  r ed u c e d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 3 -
f r o m  69  ± 5. 5 m l  p e r  m i n u te  in the  e u t h e r m i c  t r i d e c e m l i n e a ­
tus  to 1 ,04  ± 0 . 1  m l  p e r  m in u t e  in h ibe rna t ing  s q u i r r e l s .  B u l ­
l a r d  and F u n k h o u s e r  (1962) e s t im a t in g  r eg i o n a l  blood flow by
Rub id ium ^^  d i s t r ib u t io n  found the  blood in 24 hours  depos i ted  s ix -  
86fold m o r e  Rb in the  h e a r t  t i s s u e  of h ibe rn a t in g  Ĉ , t r i d e c e m l i n e - 
a tu s  than  in the t i s s u e s  of the  kidney,  yet  the  a r o u s e d  a n i m a l  d e ­
p o s i t e d  1 .5  t i m e s  m o r e  Rb in the  kidney than  in the  h e a r t .  By 
m o n i t o r in g  r e n a l  blood flow, Hong (1957) a l s o  showed that  the  k id ­
ney i m p o s e s  I n c r e a s e d  r e s i s t a n c e  to blood flow dur ing  h iberna t ion .  
He fe l t  tha t  c o n s t r i c t i o n  of the  a f f e r e n t  a r t e r i o l e s  m i g h t  be  r e s p o n ­
s ib le .  D e c r e a s e d  c a r d i a c  output  and d i s p r o p o r t io n a t e l y  r ed u ced  
r e n a l  blood flow plus  a h e a r t  r a t e  a s  slow as  1/50 of no rm al ,  
and a sys to l i c  blood p r e s s u r e  of 10-40 m m .  Hg. (JLyman, 1959) 
l ead  to the  conc lus ion  tha t  the  k idney does not f o r m  an a p p r e c i ­
ab le  am oun t  of u r i n e  du r ing  h ibe rna t ion .
Upon a r o u s a l  s y s to l i c  blood p r e s s u r e  can  r e a c h  180 m m .
Hg. b e f o r e  the t e m p e r a t u r e  of the  h e a r t  r e a c h e s  37 C ” in Ĉ . t r i ­
d e c e m l i n e a t u s  (Lyman,  195 9). B e c a u s e  the  h e a r t  is  be ing d r iv e n  
a t  i t s  m a x i m a l  r a t e  dur ing  a r o u s a l  by the s y r n p a t h e t i c o - a d r e n a l  
s y s t e m  (Chatf ie ld and L ym an ,  1950) the  a n i m a l  could soon r e g a i n  
the  blood p r e s s u r e  and flow n e c e s s a r y  fo r  g l o m e r u l a r  f i l t r a t i o n  
du r in g  the  a r o u s a l  pe r iod .
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During  h ib e rn a t i o n  the oxygen con su m p t io n  of Ĉ . t r i d e c e m l i n -  
ea tus  is  r e d u c e d  f r o m  a n o r m a l  of 271 m l  p e r  h r  to 4 . 6  m l  p e r  
h r  {Popovic,  1964; L y m a n  and Chatf ie ld ,  1955). However ,  i t  is 
a l s o  known tha t  _C. t r i d e c e m l i n e a t u s  (Hoffman, 1964) and C j  l a t e r ­
a l i s  (Twente  and Twente ,  1964; P e n g e l l y  and F i s h e r ,  1961) h i b e r ­
na te  fo r  l o ng e r  c yc le s  a t  lo w e r  t e m p e r a t u r e s  and s h o r t e r  c yc le s  
a t  h i g h e r  t e m p e r a t u r e s .  Th is  would  ind ica te  tha t  p e r h a p s  the  f o r ­
m a t i o n  of s o m e  g land u la r  o r  m e ta b o l i c  end p r o d u c t  m ig h t  t r i g g e r  
a r o u s a l .  Hoffman (1964) su gge s t e d  that  the  f o r m a t io n  of th is  p r o ­
duct  m a y  be t e m p e r a t u r e - d e p e n d e n t  and the  p ro d u c t  m a y  in so m e  
w ay  s e n s i t i z e  ne rv ou s  r e c e p t o r s .
A lack  of kidney func t ion  dur ing  h i be rn a t io n  would p ro bab ly  
m e a n  the  unavoidable  r e t e n t io n  of m e ta b o l i c  w a s t e  p r o d u c t s .  C a r ­
p e n t e r  (1938) d e t e r m i n e d  tha t  the  p e r c e n t  c o n c e n t r a t i o n  of a l l  n i ­
t r o g e n o u s  e x c r e t o r y  p r o d u c t s  in the u r i n e  w e r e  p r o p o r t i o n a l l y  the  
s a m e  in both h ib ern a t ing  and n o n -h i b e r n a t i n g  woodchucks  (Mar m o t a  
m o n a x ), even though the  to ta l  quant i ty  w a s  d i f fe ren t .  B e c a u s e  
high blood u r e a  c o n c e n t r a t i o n  is toxic  (Pe ng e l ly  and F i s h e r ,  1961), 
u r e a  bui ldup in the body dur ing  h i b e r n a t i o n  could p o s s i b l y  c a u s e  
p e r i o d i c  a r o u s a l s  fo r  i t s  r e m o v a l  in the  u r i n e .  F i s h e r  (1964) d e ­
t e r m i n e d  tha t  blood u r e a  c o n c e n t r a t io n s  a p p a r e n t l y  have  an effect  
on a r o u s a l  and r e e n t r y  into h ib e rn a t i o n  of C. l a t e r a l i s .  He found
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t h a t  t h o s e  s q u i r r e l s  wi th  a blood nonpro te in  n i t r og e n  (NPN) c o n c e n ­
t r a t i o n  of a p p r o x i m a t e l y  152 mg % w e r e  a l l  awake .  F o r  34 d e t e r ­
m in a t io n s  on blood t aken  f r o m  h ib ern a t in g  a n i m a l s  the  a v e r a g e  NPN 
w a s  89 mg %. In 9 of t h e s e  i n s t a n c e s  the a n i m a l s  did not a r o u s e  
when the blood s a m p l e  was  t aken.  The a v e r a g e  NPN f or  t h e s e  9 
s a m p l e s  w a s  81 mg %,
With such s t ro ng  ev idence  a g a i n s t  a p p r e c i a b l e  u r in e  p r o d u c ­
t ion dur ing  h iberna t ion ,  i t  s e e m s  r e a s o n a b l e  to a s k  if t h e r e  is 
u r e a  bui ldup in the  blood of the  h ibe rna t ing  g round  s q u i r r e l  and 
a t  w ha t  r a t e  does  th is  i n c r e a s e  in u r e a  c o n c e n t r a t i o n  t ake  p l a ce ?  
The  p r e s e n t  s tudy i s  c o n c e r n e d  with t h e s e  q ue s t io ns .
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M A TER IALS AND METHODS
Ci te l lu s  co lumbia  nus w e r e  c o l l ec ted  in P a t t e e  Canyon,  M i s ­
soula  County,  Montana .  In o r d e r  to d e t e r m i n e  u r e a  e x c r e t i o n  in 
h ib ern a t in g  s q u i r r e l s  s ix teen  a n i m a l s  w e r e  obta ined  in the  m on th  
of June  and m a in ta in ed  in 10" x 20" x 11" high s c r e e n e d  m e t a l  
c a g e s  unt i l  they began, a t  r o o m  t e m p e r a t u r e ,  to h i b e r n a t e  in the  
fal l .  F o u r  addi t ional  s q u i r r e l s  w e r e  c o l l ec ted  in M a r c h  to d e t e r ­
m i n e  the  blood u r e a  c o n c e n t r a t i o n  and the  co m po s i t i o n  of the  u r i n e  
e x c r e t e d  by n on -h ib ern a t ing ,  a c t iv e  g round  s q u i r r e l s .  Al l  of t h e s e  
a n i m a l s  a p p e a r e d  to r e m a i n  v i go ro u s  and hea l thy  on a diet  of a l ­
falfa  p e l l e t s  and w a t e r  ad l i b i t u m .
In the h ib e rn a t io n  e x p e r i m e n t s  each  a n im a l  was  p laced  in a 
sp e c i a l l y  c o n s t ru c t e d  cage  in a r e f r i g e r a t o r  (Fig.  1), T h e s e  
c ag e s ,  m a d e  of h a r d w a r e  c lo th  wi th  0. 5" s q u a r e s  and a 2" x 2" 
wood f r a m e ,  had i n t e r n a l  d im e n s io n s  of 13" x 10" x 5" high.
One half  of the c ag e  bo t tom was  c o v e r e d  wi th  h a r d w a r e  c loth 
m i m i c k i n g  that  p a r t  of the n a t u r a l  h ib ern a t in g  den which  is o u t ­
s ide  the  nes t  and inc ludes  the  d r a i n  (Shaw, 1925a).  The  o ther  
half  of the  cage  f lo or  w a s  lef t  u n c o v e r ed  and the  top 1 . 5 "  of an 
8" X 6 . 5 "  bucket  w a s  f i t ted into th i s  r e c t a n g u l a r  a r e a  (Fig.  1).
—  6  —





F i g u r e  1. Sketch of r e f r i g e r a t o r  cage  which  held C. co lumbianus ,
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P i e c e s  of b u r l ap  w e r e  p laced  in the  bucke t  f o r  nest  m a t e r i a l .  The  
r e f r i g e r a t o r  t e m p e r a t u r e  was  m a in t a i n ed  a t  5 -6  C “ . At th is  t e m ­
p e r a t u r e  and wi th  no food o r  w a t e r  a va i lab le ,  the s g u i r r e l s  c u r l e d  
up in the  b u r l a p  s h r e d s  of the  nes t  bucke t  and b egan  h ib e rn a t in g  w i t h ­
in 2 o r  3 days .  A f t e r  the s q u i r r e l  began  h i be rn a t in g  an  e n a m e l  pah '
conta ining 0, 5" of m i n e r a l  oi l  to p r e v e n t  e vapo ra t ion  of the  u r in e ,  
w a s  p laced  unde r  the h a r d w a r e  c lo th  p or t io n  of the cage  to ca tch  
the  u r i n e  e x c r e t e d  by the  g round  s q u i r r e l  dur ing  a r o u s a l .  Wood 
shav ings  w e r e  then p laced  on the  s q u i r r e l s  back  and d i s p l a c e m e n t  
of t h e s e  shavings  d e t e r m i n e d  the c e s s a t i o n  of the  h ib ern a t in g  cycle ,  
a s  p r e v i o u s l y  d e s c r i b e d  by P e n g e l l y  and F i s h e r  (1961). Smal l
p i e c e s  of r e d  l i t m u s  p a p e r  w e r e  p l ac ed  in the  ne s t  bucket  un de r
the  n e s t  m a t e r i a l  to d e t e r m i n e  if u r in a t io n  o c c u r r e d  in the  nes t .
Thus ,  if any s q u i r r e l  u r i n a t e d  in the n es t  the  l i tm u s  would change 
c o lo r .  In m o s t  c a s e s ,  the s q u i r r e l s  c a m e  out of t h e i r  nes t  boxes  
and u r in a t e d  ov er  the  e n a m e l  pans .  In th o s e  few c a s e s  when a 
s q u i r r e l  u r i n a t ed  in the  nes t  box the  t r i a l  f o r  tha t  a n i m a l  w a s  d i s ­
c a r d e d .  The pans  w e r e  o b s e r v e d  twice  da i ly  and when u r i n e  was  
p r e s e n t  i t  w a s  a s p i r a t e d  f r o m  the m i n e r a l  oi l  into a sy r in g e .  At 
th i s  t i m e  a blood s a m p l e  w a s  t aken  by c a r d i a c  p u n c tu r e  wi th  a 
#20 needle .  The g round  s q u i r r e l  w a s  a l lowed to r e e n t e r  h i b e r n a ­
t ion and then  was  s a c r i f i c e d ,  thus  ending the  second  cyc le .  At
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th i s  t i m e  a second  s a m p l e  of blood and any d e t e c t ab l e  b l a d d e r  u r i n e  
w e r e  t aken .  It was  a s s u m e d  tha t  the  s q u i r r e l  would h ib e r na te ,  if 
u nd i s t u rb e d ,  a p p r o x i m a t e l y  a s  long a s  it  had in the  f i r s t  cyc le .  The  
leng th  of t i m e  tha t  the  s q u i r r e l  was  a l lowed to h i b e r n a t e  in the  s e c ­
ond cyc le  b e f o r e  i t  w a s  s a c r i f i c e d  w a s  a r b i t r a r i l y  d e t e r m i n e d  by 
s u b t r a c t in g  one o r  m o r e  days  f r o m  the  length  of the  f i r s t  c yc le .
E a c h  of the fou r  a c t iv e  n on -h ib e rn a t in g  g round  s q u i r r e l s  was  
p lac ed  in a cage,  wi th  no food o r  w a t e r ,  o v e r  an e nam e l  pan  c o n ­
ta in ing 0 . 5 "  of m i n e r a l  oil.  Blood was  t aken  by h e a r t  p u n c t u r e  
b e f o r e  the s q u i r r e l  w a s  put in the  c ag e  and a l l  u r i n e  was  c o l l e c ­
ted f r o m  the  pan a t  9 h ou r s  and at  26 h o u r s .  A second blood 
s a m p l e  was  t aken  a t  18-26 h ou rs .  One t r i a l  was  m a d e  a week  
a f t e r  c a p tu re ,  and a second  two m on ths  a f t e r  c a p tu r e .
S e ru m  u r e a  n i t ro ge n  (S. U. N. ) c o n c e n t r a t i o n s  w e r e  d e t e r ­
m in e d  by a B e c k m a n  U l t r a m i c r o  adap t ion  of the  m e thod  of F a w ­
c e t t  and Scott  (I960),  Ur ine  u r e a  n i t roge n  (U. U. N. ) c o n c e n t r a ­
t ions  w e r e  d e t e r m i n e d  in the  s a m e  way  and no d i s t inc t ion  was  
m a d e  be tw een  a m m o n i a  n i t rogen  and u r e a  n i t ro ge n  in the  u r in e .
Al l  u r i n e  c o n c e n t r a t i o n s  w e r e  c a lc u la te d  in the fol lowing m a n n e r :
U r e a  n i t roge n  mg % x 2 q = Urea  m g  %
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Day of f i r s t  
a r o u s a l
Ground  s q u i r r e l  p laced  in the  h ibe rn a t in g  cage  in 
r e f r i g e r a t o r .
When a n i m a l  was  o b s e r v e d  h ibe rna t ing  shav ings  
w e r e  p laced  on i ts  baçk  and pan wi th  m i n e r a l  oil 
was  put und er  cage.
A n im a l  f i r s t  o b s e r v e d  a r o u s i n g  o r  a r o u s e d  f r o m  
f i r s t  h ibe rn a t ion  cycle.
8 -10  H ours  Al l  u r i n e  c o l l ec ted  f r o m  pan un d e r  cage  and
a f t e r  a r o u s a l  blood s a m p l e  taken.
1-3 Days A n im a l  r e e n t e r e d  h ib ern a t io n  in r e f r i g e r a t o r  cage,
a f t e r  a r o u s a l  Shavings p l ac ed  on i ts  back .
A f t e r  h i b e r -  A n im a l  s a c r i f i c e d ,  blood s a m p l e  t aken  and a l l
nat ion p er iod  u r i n e  a s p i r a t e d  f r o m  b l ad d e r ,
of 1-3 days 
l e s s  than f i r s t
0 H o u r s
9 H o u r s  
18-26 H o u r s
NON-HIBERNATING SQUIRRELS
Blood s a m p l e  t aken  and s q u i r r e l  p laced  in cage  
ove r  pan wi th  m i n e r a l  oil .
Al l  u r i n e  c o l l ec ted  f r o m  pan u nd e r  cage.
Blood s a m p l e  t aken  and a l l  u r i n e  c o l l ec ted  f r o m  
pan.
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Urea mg % _l 60 = Urea in mMols %
O sm olalities of a ll serum and urine sarxlples w ere determined  
wi,th a F iske osm om eter.
For statistica l analysis of the data a "t" test was used. How­
ever, if the two sets w ere composed of sam ples taken at an interval 
from the sam e group of anim als the means w ere compared with the 
paired "t" test.
As the length of tim e in hibernation before sa cr if ice  varied  
for m ost squ irrels , the urea concentration of the sacr if ice  serum  
was extrapolated to a value which was assum ed to be that of a 
squirrel after 8 days of hibernation. This extrapolation was 
based on the amount of change for the number of days the ground 
squirrel hibernated as follows :
[Serum Urea (sacrifice)] - [Serum Urea (arousal)l ^ g
Days (In second cycle)
= Serum Urea for 8 days
To determine each squirrel's  tofal urea content at the tim e of 
reentrance into the second hibernation it was assum ed that the sa c r i­
f ice  bladder urea was excreted after the arousal heart puncture but
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before reentrance into hibernation. The total amount of urea in 
each anim al's body at the tim e of heart puncture was calculated  
and the sacr if ice  bladder urea was subtracted from this value to 
give the approximate total urea content of each animal as it en­
tered hibernation. In calculating the total urea content of each 
squirrel at the tim e of heart puncture and at the tim e of sa c r i­
f ice , it was assum ed that, since urea diffuses readily through 
all body t is su es , the urea content of the body fluids was in equi­
librium with the urea content of the serum . K ristofferson (1963) 
found it in the ratio of; 102 mg % in serum to 104 mg per 100 
gm m uscle  to 81 mg per 100 gm intestine, in the hibernating 
hedgehog (Erinaceus europaeus). S ixty-six  percent of body weight 
was used in calculating the total body fluids (Chesley and Weill, 
1956).
The increase  in amount pf urea per day was calculated and 
extrapolated for eight days according to the following equations :
Estimated Body Urea (entrance) (mMols) = [Body Fluid  
(m is. ) X Serum Urea (arousal) (m M ols/m l)] - [Bladder 
urea (sacrifice)]
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Bladder Urea (sacrifice) -  [Bladder Urine Volume (mis)] x 
[Urine Urea (sacrifice) (m M ols/m l. )]
Body Urea (sacrifice) (mMols) = [Serum Urea (sacrifice)  
(m M ols/m l, )] x  [Body Fluid (mis)]
Accumulated Body Urea = [Body Urea (sacrifice)] - [Body 
Urea (arousal)]
[Accumulated Body Urea -1— Days in cycle  2] x [8] = E stim a­
ted body urea accumulation (mMols) for a cyc le  of 8 days
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RESUL.TS
The length of the hibernation period fo f  each animal in the 
f irst  cyc le  progress ive ly  decreased from Decewiber 6 until Janu­
ary 31 (Fig. 2). The longest cycle  recorded was for animal #8»
t  V
which hibernated 14 days beginning December 6, and the short­
est cycle  was for animal #22, which hibernated 7 days beginning 
January 31, No animals could be induced to hibernate in Febru­
ary. After spontaneous arousal from the f ir s t  cycle, each ani­
mal remained awake 1-3 days before reentrance into hibernation. 
The length of the f irst  hibernation and the duration of arousal  
following hibernation show no correlation (Fig. 2),
The squirrels averaged 345 g at the time of the f irs t  a- 
rousal (range 275-495 g), whereas sacrif iced squirrels weighed 
331 g (range 260-^82 g) (Table 2). Weight lo ss  ranged from 
0 ,4  % to 6 % of the body weight (mean 3 .8  %) between the f irst  
arousal and the time of sacrif ice.
Serum Osmolality and Urea Concentrations:
The mean osmolality  of the sera  at the time of arousal was 
not significantly lower than the paean osm olality  of the sera  of
-14 -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ANIMAL d a t e  
NUMBER
DAYS




12 l-2 - '6 6
15 l-9 - '6 6





D ate -  - The f i r s t  day on which a n i m a l  w a s  o b s e r v e d  h iberna t ing .
Days — The  n u m b e r  of days  f r o m  the da te  of in i t ia t ion.
Open b a r s  ind ica te  h ibe rna t io n  cyc le  #1, a t  the end of which  a l l  
s q u i r r e l s  a r o u s e d  spon taneous ly .
St ippled b a r s  ind ica te  days  of a r o u s a l  be tween  h ib erna t ion  c yc le s .  
C r o s s  ha tched  b a r s  i nd ica te  h ib e rn a t io n  c y c le  #2, a t  the end of which  
a l l  s q u i r r e l s  w e r e  s a c r i f i c e d .
F i g u r e  2. Da te  and length (days)  of h i be rn a t io n  c yc le  #1, p e r i o d  of 
a r o u s a l  and h i b e r n a t io n  cyc le  #2 f o r  each s q u i r r e l .
15
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the animals sacrificed during the second hibernation (Table 2).
The mean serurgi urea concentration of animals at the first  
arousal was appreciably lower than the mean serum urea concen­
tration of all anirnals wheri they w ere  sacrif iced. When the mean 
serum urea of the sacr if ice  serum was extrapolated to an assumed  
value for 8 days of hibernation, 7 of the 10 animals had a signi­
ficantly higher serum urea after hibernation than at the previous  
arousal (P < .001) (Table 2 and Fig, 3). Also, the calculated  
mean body urea concentration at entrance into hibernation was s ig ­
nificantly lower than the mean body urea concentration at the 
time of sacrif ice  (P < , 05) (Table 3),
The mean serum osmolality of the ground squirrels  trapped 
in spring soon after emergence from theiy hibernating dens did 
not change appreciably when the animals were  dehydrated for 26 
hours (Table 4). However, the mean serum urea dropped s ig ­
nificantly from 10 mMois per liter  to 5 ,7  mMols per liter  (P <
. 025).
When those animals trapped in the spring w ere  maintained 
in the laboratory for two months and then dehydrated for eighteen 
hours the mean serum osmolality again did not change appreci­
ably; but the mean serum urea concentration again dropped signi­
ficantly (P < . 05) (Table 5).
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Table 2. Osmolality and urea concentrations of serum samples  
from winter Citellus columbianus.




















to 8 days 
m M ols/L .
7 414 404 7. 7 10. 3 320 318 8 10. 3
8 325 320 6. 7 11.8 * 313 10 10. 8
12 343 330 5. 7 5. 3 * 303 4 4. 9
13 319 310 5. 3 6 .7 312 316 9 6 .4
15 318 301 12. 6 16,4 307 320 8 16.4
16 277 274 6. 7 8. 0 * 309 4 9. 5
17 495 482 7. 0 10. 0 335 310 9 9.8
19 280 260 16. 8 12. 6 313 312 7 11.8
21 369 346 18. 2 12. 3 344 312 8 12. 3











1 - at arousal  
2. - at sacr if ice
* - Indicates sample volume too sm all  for analysis
-17-
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F i g u r e  3. Changes  in s e r u m  u r ea  c o n c e n t r a t i o n  dur ing  h iberna t ion .
M4->c(U <u 
u u
§ sU k 
U
TO re 
V  cn u
a  'a c
p re















0 1  2 3 4  5 6  7 8 9  10
Days  h ibe rna t io n  b e fo r e  s a c r i f i c e .
The  l ine,  c a l cu la t e d  by the m ethod  of l e a s t  s q u a r e s  can be r e p r e s e n t e d  
by the equat ion:  y -  . 6 9 x  - 244. C a lc u la t ions  exclude  s q u i r r e l s  n u m ­
b e r  19 and 21, l ow e r  r igh t ,  and has  a P e a r s o n  c o r r e l a t i o n  coef f icent  
of 0. 63.
18
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per day in 
mMols.
7 2. 1 2. 8 + 33 . 09
8 1. 3 2 .5 + 100 . 13
12 1. 0 1.2 + 14 . 04
13 . 9 1.4 + 50 . 05
15 2. 5 3. 3 + 31 . 09
16 1. 0 1. 5 + 50 . 12
17 2. 3 3. 2 + 42 . 10
19 1.4 2. 2 + 59 . 11
21 4. 1 2. 8 - 34 - .  18
22 . 8 2. 2 + 174 ■ . 24
Mean . 09
± ±. 03
A - reeïitrance  
B - sacr if ice
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Table  4 .  O sm o la l i t i e s  and urea concentrat ions  of urine  and s e r u m  of t e r m in ­
a l ly  a r o u sed  C. co lumbianus dehydrated 2 w e e k s  a f ter  e m e r g e n c e  from  their  
hibernation dens .
Serum  A Serum B Urine A Urine B
Anim al
Wt. l o s s  
A - B  as  
% of A
Urea




m O sm .
Urea




m O sm .
Urea










m O sm .
26 17 13 341 7 . 5 344 600 1240 408 760
27 14 8 . 9 293 4 . 8 310 924 2105 888 1740
28 17 8 . 9 340 4 . 8 300 888 1635 556 1050
29 18 9 312 5 .3 315 814 1575 666 820
Meaui 17 10 321 5 .7 315 806 1639 630 1030
i S . E . £1 £12 £ . 6 £10 £62 £178 £51 £225
In table  4:
Serum  A was c o l lec ted  at the s tart  of dehydration.  
U r in e  A w as  c o l le c te d  after  9 hours of dehydration.
Serum B and Urine B w e r e  c o l le c te d  at 
the end of dehydration.
* Sample was not of su ff ic ient  v o lu m e  to 






























Table  5. O sm o la l i t i e s  and urea concentrat ions  of ur ine  and seru m  . of  
t er m in a l ly  aroused  C. co lu m bianus dehydrated after  being maintained in 
the la b o r a to ry  for  2 m onths.
Serum A Serum B Urine  A Urine B
Anim al
Wt. L o s s  Urea  
A - B  as  tnM ols ,  






















30 9 1 1 .5 345 8 381 * * 756 2185
31 13 1 0 .4 322
«,■
8 337 350 529 * *
32 8 9 .5 330 7 .4 325 828 1835 604 1420
33 9 8 . 9 325 7 305 828 1900 920 1405
M ean 10 9 .7 331 7 .5 337 668 1421 760 1687







Table  6, O sm o la l i ty  and urea  concentrat ions  of  ur ine  sa m p le s  f ro m  winter  


























Urine Urine Urea Urea No. No.
Anim al
Ureaj
m M o ls .
/L .
Ure&2
m M ols .
/L .
O sm . 1 
m O sm
O sm . 2  
m O sm
Urinej  





per  day  
C y c le  1 
m M o ls .
per day 
C y c le  2 





C y c le
2
7 666 74 * * . 4 .1 .0 3 .001 11 8
8 360 124 750 260 3 .4 1 .4 .1 2 .01 14 10
12 444 666 715 963 6 . 4 . 4 .71 .0 3 9 4
13 334 598 675 869 2 . 9 . 3 .11 . 0 2 9 9
15 1466 500 1950 1060 2 . 6 . 2 . 4 9 .01 9 8
16 650 784 962 1150 1 .3 . 3 .21 . 0 3 9 4
17 486 *** 743 *** 3 .2 . 1 7 . 0 9 9
19 384 1100 689 1430 2 . 8 1 .6 . 1 5 . 2 5 7 7
21 1134 254 1680 643 4 . 3 . 6 . 6 . 0 2 7 8
22 1000 1000 1600 1275 3 . 2 . 7 .5 3 . 1 0 7 6
M ean 692 628 1057 956 3 . 2 . 6 .3 1 . 0 5
± S .E . i l  22 ±120 ±155 ±133 ± . 5 ± .2
1 - At a r o u sa l
2 - At s a c r i f i c e
* -  Sample not l a r g e  enough to ana lyze  on F i s k e  o s m o m e t e r .  
*** - No bladder ur ine  detectable .
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Urine Osmolality and Urea Concentrations:
The mean osmotic  concentration of the urine collected from 
the bladders of the sacrif iced animals did not differ appreciably 
from the mean osmotic concentration of the urine normally excreted  
by the squirrels  upon arousal. However, both concentrations var­
ied considerably as shown by the large standard errors (Table 6).
There was no correlation between bladder urine volume or 
its tO)tal urea content and the length of the second cycle. Inter-
f
estingly, squirrel No. 17 had no detectable bladder urine after a 
nine-day hibernation cycle  (Table 6) .
The amount of urea excreted in the urine upon arousal was
much higher than the total amount of urea found in the bladder 
at sacr if ice  when the amounts w ere divided by the number of 
days in hibernation ( P  < . 01 ) (Table 6) .  The mean amount of
urea excreted at arousal was six-fold  higher than the mean a -
mount of urea in the sacr if ice  bladder urine (Table 6).
The urine excreted in the f irst  9 hours by spring trapped 
animals initially dehydrated had a significantly higher osmotic  
concentration (1639 mOsm) ( P  < . 05) than that of the winter 
ground squirrels  after the f irst  hibernation (1057 mOsm) or at the 
t im e of sacr if ice  (956 mOsm) (Tables  4 and 6), However, the 
percentage of this osmotic concentration that was composed of
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F i g u r e  4. Ur ine  u r ea  o s m o l a r  c o n c e n t r a t io n  as  a p e r c e n t  of the 
to ta l  o s m o l a l  c o n c e n t r a t i o n  of u r i n e  f r o m  w i n t e r  and spr ing  Ci te l -  








































The h o r iz o n ta l  m a r k s  at  the  c e n t e r  of the v e r t i c a l  l ines  a r e  the
m e a n s  and the v e r t i c a l  l ines  extend two s t a n d a r d  e r r o r s  each way.
A - C a lc u la ted  f ro m  u r in e  e x c r e te d  by a r o u s e d  w i n t e r  a n i m a l s .
B - C a lc u la ted  f ro m  b l a d d e r  u r i n e  of w i n t e r  a n im a l s  s a c r i f i c e d  in 
h ibe rna t ion .
C - Ca lc u la ted  f ro m  the u r in e  of s p r in g  t r a p p e d  a n i m a l s  2 w e ek s  a f t e r
e m e r g e n c e  f r o m  h ibe rna t ing  dens ,  d e h y dra te d  fo r  9 hours .
D - Sam e  as  C except  d e h y d ra t e d  fo r  26 hours .
E - C a lc u la ted  f rom  the u r i n e  of s p r in g  t r ap pe d  a n i m a l s  d eh y dra ted  9
h o u rs ,  2 1/2 m on ths  a f t e r  e m e r g e n c e  f ro m  h iberna t ing  dens .
F  - Same  as  E except  d eh y dra ted  18 h o u r s .
24
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virea w a s  s l ight ly  l o w e r  (51%) ( P  < • 025) than  tha t  of the u r i n e  e x ­
c r e t e d  by the  w i n t e r  a n i m a l s  a t  a r o u s a l  f r o m  the  f i r s t  cyc le  (62%) 
( F i g .  4), The  u r i n e  o s m o l a l i t y  of th o se  a n i m a l s  d ehyd ra ted  f o r  9 
and 26 h o u r s  in e a r l y  s p r in g  (1639, 1030 m O s m )  fel l  in the  s a m e
r a n g e  a s  the  o s m o l a l i t y  of both u r i n e  s a m p l e s  c o l l ec ted  f r o m  the 
w i n t e r  a n i m a l s  (1057, 956 m O s m )  (Tables  4 and 6). The  p e r c e n t ­
age  of the o s m o t i c  c o n c e n t r a t i o n  c on t r ib u te d  by u r ea  was  st i l l  
s ign i f ican t ly  lo wer  than  tha t  of the u r i n e  e x c re t e d  by the  w i n te r  
a n i m a l s  a t  a r o u s a l  (P  < . 05) and the  m e a n  w a s  a p p re c i a b l y  low er  
than  th a t  of the  s a c r i f i c e  b l a d d e r  u r i n e  (Fig.  4).
When the  s p r i n g  t r a p p e d  a n i m a l s ,  cap t ive  fo r  two months ,  
w e r e  d e h y d r a t ed  f o r  18 h ou r s ,  the o s m o t ic  c on c en t r a t i o n  of the  
u r i n e  s a m p l e s  t aken  a t  9 and 18 h o u r s  (1421, 1687 m O s m )  was
in the  s a m e  r a n g e  a s  tha t  of the  u r i n e  s a m p l e s  t aken  when they  
w e r e  d e h y d r a t ed  two m o n t h s  e a r l i e r  (1030 m O s m )  (Tables  4 and 
5). The  m e a n  u r e a  p e r c e n t a g e  of th i s  to ta l  o s m o t ic  c o n c e n t r a t i o n  
w a s  a l s o  a p p r e c i a b l y  l o w e r  than  th a t  of the  u r i n e  s a m p l e s  t aken  
f r o m  w i n t e r  s q u i r r e l s  (Fig.  4), Ho wev er ,  the  u r e a  v a l u e s  of 
t h e s e  s a m p l e s  v a r i e d  so g r e a t l y  tha t  the  d i f f e re n ce  is not s igni -  
f ica  nt.
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DISCUSSION
T h e  s ign i f ican t  bui ldup of s e r u m  u r e a  c o n c e n t r a t i o n  c a l c u l a ­
ted  f o r  7 of the  10 h ibe rna t in g  s q u i r r e l s  s u g g e s t s  that  the k idney 
i s  not e l im in a t in g  n i t rog eno us  w a s t e s  w h i l e  the  a n i m a l  is  t o rp id  
(T ab le  2) (Fig.  3). T h r e e  of the  ten  s q u i r r e l s  had a l o w e r  s e r u m  
u r e a  a t  the  t i m e  of s a c r i f i c e  than  a t  a r o u s a l .  However ,  they  
had e x t r e m e l y  high s e r u m  u r e a  v a lu e s  dur ing  the  p r ev i o u s  a -  
r o u s a l  wh ich  s u g g e s t s  tha t  the  blood s a m p l e  t ak en  a t  that  t i m e  
w a s  ob ta ined  b e f o r e  the  a n i m a l  could c l e a r  i ts  blood of u r e a .  
S q u i r r e l  No. 21 in wh ich  body u r e a  d e c r e a s e d  had a v e r y  high 
a m o u n t  of u r e a  in i t s  body a t  the  t i m e  of h e a r t  p u n c t u r e  (Table  
3), but  l i t t l e  u r e a  in i t s  b l a d d e r  a t  s a c r i f i c e  (Tab le  6). Th is  
i n d ic a t e s  a p r e m a t u r e  h e a r t  p u n c t u r e  and s u g g e s t s  that  a d d i ­
t iona l  e x c r e t i o n  of u r i n e  o c c u r r e d  a f t e r  the  h e a r t  p u n c t u r e  and 
b e f o r e  r e e n t r a  nee into h i b e r n a t i o n .  Th is  u r i n e  s a m p l e ,  not 
caugh t  in the  pan,  m a y  have  b e e n  voided  in the  n es t .  Al l  
s q u i r r e l s  except  No. 21 had a s ig n i f i c an t ly  h i g h e r  c a l c u l a t e d  
body u r e a  v a lue  a t  s a c r i f i c e  than  dur ing  the  p r e v i o u s  a r o u s a l ,
(P  < .  05) (Table  3), t h e r e b y  ind ica t ing  tha t  body u r e a  r i s e s  uAi- 
f o r m l y  dur ing  h ibe rna t ion .
- 2 6 -
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H ow ever ,  a r i s e  in body u r e a  did not o c c u r  in s p r in g  t r a p p e d  
s q u i r r e l s  which  w e r e  d e h y d r a t ed  fo r  about  a s  long a s  the a r o u s a l  
p e r i o d  of w i n t e r  s q u i r r e l s .  S e ru m  u r e a  a l s o  d ropped  in both a c ­
t ive  n o n - h i b e r n a t in g  s q u i r r e l s  d e p r i v ed  of food and w a t e r  and in 
s q u i r r e l s  a r o u s e d  b e tw een  bouts  of h ib ern a t io n .  If the  k idney 
w e r e  funct ioning th roughou t  the  h ib e rn a t i o n  cycle» s e r u m  u r e a  a t  
s a c r i f i c e  would p r e s u m a b l y  be  c o n s i d e r a b l y  lower  in s t e ad  of h igh­
e r  than  the  s e r u m  u re a  t aken  f r o m  the  a r o u s e d  s q u i r r e l .  The  
r e s u l t s  of the  two p e r i o d  s of d e h y d r a t io n  of the  s p r ing  t r a p p e d  
s q u i r r e l  show tha t  the  s e r u m  u r e a  c o n c e n t r a t io n s  a lways  d rop  
s ign i f ican t ly .
The  p r e s e n t  s tudy s u p p o r t s  the  f indings  of P e n g e l l y  and 
F i s h e r  (1961) and Hong (1957) tha t  no u r i n e  is f o r m e d  dur ing  h i ­
b e r n a t io n .  The  a m o u n t  of b l a d d e r  u r i n e  and the  length  of the 
h ib e rn a t i o n  c yc le  show no c o r r e l a t i o n .  If s q u i r r e l s  c o n s t a n t ly  
d ep os i ted  u r i n e  in the  b l a d d e r  th ro ugh ou t  the  h i b e r n a t io n  cycle ,  
the  b l a d d e r s  of a n i m a l s  s a c r i f i c e d  a t  nine days  would  s up p os ed ly  
con ta in  m o r e  u r i n e  than  th o s e  a n i m a l s  s a c r i f i c e d  a t  fou r  days .
One s q u i r r e l  a c t u a l ly  had no u r i n e  in the  b l a d d e r  a f t e r  n ine  days  
of h ib e rn a t io n .  The c o n c e n t r a t i o n  of u r e a  in the  b l a d d e r  u r i n e  
a l s o  b o r e  no c o r r e l a t i o n  wi th  the  l en g th  of the.- h i b e r n a t io n  c yc le  
(Tab le  6).
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T he  a m o u n t  of u r e a  e x c r e t e d  upon a r o u s a l  f r o m  h ibe rna t ion  
by  the  w i n t e r  s q u i r r e l s  should p r e s u m a b l y  inc lude  that  u rea  s t o re d  
in the  body th rou ghou t  the  h i be rn a t io n  cycle ,  any u r ea  f o r m e d  
w hi l e  the  a n i m a l  w a s  a r o u s i n g ,  and any u r e a  e x c r e t e d  and s t o r e d  
in the  b l a d d e r  a f t e r  the  a n i m a l  u r in a te d  a t  a r o u s a l  and b e f o r e  it 
r e e n t e r e d  deep h ib e rn a t io n .  The  u r i n e  p r e s e n t  in the b l a d d e r  c o n­
t a in s  the  u r e a  d ep os i t e d  a f t e r  u r i n a t io n  a t  a r o u s a l  and whi le  r e ­
e n t e r in g  h ib e r na t io n .  The d i f f e r e n c e  be tw een  the  sum of t h es e  
two v a lu e s  and the  a m o u n t  of a r o u s a l  u r i n e  u r e a  gives  tha t  u r e a  
p r e s u m a b l y  f o r m e d  dur ing  a r o u s a l  and b e f o r e  u r ina t io n .  F o r  
exam ple .  S q u i r r e l  No. 15 e x c r e t e d  3 .8  m M o l s  of u r e a  a t  a r o u s ­
a l  (Tab le  6). At  s a c r i f i c e  the  b l a d d e r  u r i n e  conta ined  0. 1 m M o l s  
of u r e a  (Table  6), and the  change  in body u r e a  w a s  0 . 8  m M o l s  
(Table  3). T h e r e f o r e ,  2. 9 m M o l s  of u r e a  w e r e  f o r m e d  dur ing  
the  a r o u s a l  p r o c e s s  which  a p p a r e n t l y  m a k e s  up a l a r g e r  p o r t io n  
of e x c r e t e d  u r e a  in the  u r i n e  than  the  o t h e r  two c o m bin ed .  This  
i n d i c a t e s  that  the  s q u i r r e l  is  e i t h e r  m e ta b o l i z i n g  a m u c h  l a r g e r  
a m o u n t  of p r o t e i n  dur ing  a r o u s a l  than  du r ing  the  r e s t  of the  
c y c le ,  i s  s to r in g  the  n i t r og e no us  w a s t e s  a s  a u r e a  p r e c u r s o r  
d u r in g  the  c yc le  and then  c o n ve r t in g  to u r e a  a t  a r o u s a l ,  o r  is  
w a s h i n g  out  u r e a  a c c u m u l a t e d  in such  t i s s u e s  a s  the  r e n a l  m e d u l ­
la .
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M o s t  m a m m a l s  f ac ed  wi th  d eh yd ra t io n  condi t ions  s i m i l a r  to 
t h o s e  wh ich  the  s u m m e r  g round  s q u i r r e l s  unde rw en t  wil l  r e a b s o r b  
u r e a  in the  k idney to help c o n t ro l  w a t e r  l o s s  ( Lev e r ,  1965). This  
wi l l  c a u s e  the e x c r e t e d  u r in e  to be  highly c on ce n t r a  ted,  a s  it was  
in the  s u m m e r  g round  s q u i r r e l s  (Tab les  4 and 5). However ,  the 
u r i n e  of the  w i n t e r  s q u i r r e l s  at  a r o u s a l  con ta ined  a s ign i f ican t ly  
h ig h e r  p e r c e n t  of i t s  so lu tes  a s  u re a  (P < . 05) (Fig.  3) than  did 
the  u r i n e  of the  s u m m e r  g round  s q u i r r e l s  which  p ro v id es  a d d i ­
t iona l  e v id ence  tha t  the  w i n t e r  g round  s q u i r r e l  i s  r em o ving  u re a  
f r o m  i ts  body t i s s u e s  dur ing  a r o u s a l  tha t  it  a c c u m u l a t e d  dur ing  
the  p r e v i o u s  h i b e r n a t i o n  cyc le ,
Hong (1957) in d ica ted  tha t  a v e r y  s m a l l  a m ou n t  of u r i n e  
w a s  f o r m e d  whi le  the  a n i m a l  w a s  h ib e rn a t in g .  The  ev idence  p r e ­
sen ted  in th is  s tudy  in d ic a t e s  tha t  v e r y  l i t t l e  o r  no u r i n e  was  
f o r m e d  d ur ing  h ib e r n a t i o n .  It s e e m s  p ro ba b le  tha t  u r i n e  f o r m e d  
dur ing  e n t r a n c e  into h i b e r n a t io n  was  ob ta ined  by Hong f r o m  c a t h ­
e t e r s  in the h i be rn a t in g  a n i m a l ' s  b l a d d e r .
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SUMMARY
T e n  h i b e rn a t i o n  e x p e r i m e n t s  and eight  s u m m e r  deh ydra t ion  
e x p e r i m e n t s  w e r e  p e r f o r m e d  on C i te l lus  c o l u m b i a n u s . The hypoth­
e s i s  tha t  the  g round  s q u i r r e l  k idney is nonfunct ional  dur ing  h i b e r ­
na t ion  is  su pp or t e d  by  the  fol lowing data  obtained in t h e s e  e x p e r i ­
m e n t s  :
1. The  m e a n  s e r u m  u re a  c o n c e n t r a t i o n  of seven  of the  
t en  w i n t e r  h ib e rn a t i o n  e x p e r i m e n t a l  a n i m a l s  a t  the  t im e  they 
w e r e  s a c r i f i c e d  in h i b e r n a t i o n  was  a p p r e c i a b l y  h igher  than the  
m e a n  s e r u m  u r e a  c o n c e n t r a t i o n  of t h e s e  s a m e  a n i m a l s  dur ing  
t h e i r  p r e v i o u s  a r o u s a l .
2. M o s t  s q u i r r e l s  had h ighe r  s e r u m  u r ea  c o n c e n t r a t i o n s  
when  s a c r i f i c e d  d ur ing  h i b e r n a t i o n  than  when a r o u s e d .
3. The  a n i m a l s  d e h y d r a t e d  in the  s u m m e r  had a s i g n i ­
f i ca n t  drop  in s e r u m  u r e a  a f t e r  a day  of d ehydra t ion .
4.  N e i th e r  the  vo lu m e  of b l a d d e r  u r i n e  nor  i t s  t o ta l  u r e a  
con ten t  d i f fe red  in t h o s e  s q u i r r e l s  s a c r i f i c e d  a f t e r  four  days  of 
h i b e r n a t i o n  f r o m  t h o s e  s q u i r r e l s  s a c r i f i c e d  a f t e r  nine days  of 
h i b e r n a t i o n .
- 3 0 -
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5. The p e r c e n t a g e  of the  u r i n e  o s m o l a l i ty  con t r ibu ted  by 
u r e a  w a s  h ighe r  in the  u r i n e  of h ibe rna t ing  a n i m a l s  than in that  
of n o n - h i b e r n a t in g  a n i m a l s .
-31
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